SUMMARY The association of habitual physical activity with plasma high-density lipoprotein (HDL) cholesterol and total triglyceride (TG) POPULATION studies have shown that low levels of high-density lipoprotein (HDL) cholesterol appear to be associated with increased risk of atherosclerotic coronary heart disease (CHD) and that high HDL cholesterol levels appear to be protective.' 2 This association of HDL cholesterol levels with risk of CHD is independent of other known coronary risk factors and is apparent even in persons already at high risk of CHD due to primary elevations of low-density lipoprotein (LDL) cholesterol.3 The consistent, independent, inverse association of HDL cholesterol with CHD morbidity and mortality has sharply focused attention on potentially modifiable environmental determinants of HDLs. HDL cholesterol is inversely related to cigarette smoking4' and relative ponderosity6 I and positively related to alcohol intake.7-9
POPULATION studies have shown that low levels of high-density lipoprotein (HDL) cholesterol appear to be associated with increased risk of atherosclerotic coronary heart disease (CHD) and that high HDL cholesterol levels appear to be protective.' 2 This association of HDL cholesterol levels with risk of CHD is independent of other known coronary risk factors and is apparent even in persons already at high risk of CHD due to primary elevations of low-density lipoprotein (LDL) cholesterol. 3 The consistent, independent, inverse association of HDL cholesterol with CHD morbidity and mortality has sharply focused attention on potentially modifiable environmental determinants of HDLs. HDL cholesterol is inversely related to cigarette smoking4' and relative ponderosity6 I and positively related to alcohol intake. [7] [8] [9] The relationship of physical activity and fitness to HDL cholesterol has been studied extensively. Several small studies have demonstrated higher HDL cholesterol levels in marathon runners, joggers and other physically active people than in their more sedentary counterparts.'102 Habitual physical activity was positively associated with HDL cholesterol in two large population surveys;'3 14 however, no association of HDL cholesterol with more objective measures of cardiovascular fitness was found in the Lipid Research Clinics (LRC) Prevalence Study. Physical fitness training programs have been shown to increase the level of HDL cholesterol in some studies, 11-23 but not in others.2"27 Because the effect of exercise on HDL cholesterol levels may well differ in subjects with disorders of lipid metabolism, the failure of Melish et al. 24 to find significant increases in HDL cholesterol in subjects with familial hypercholesterolemia who enrolled in an exercise program is of particular relevance to our own study.
Plasma triglyceride (TG) has been found in several studies to be inversely associated with HDL cholesterol."2 The correlation coefficient between plasma TG and HDL cholesterol in 30-59-year-old men in the LRC Prevalence Study was -0.40 to -0.55; in our study it was -0.34. Except for alcohol consumption, which raises both HDL cholesterol and TG, the known environmental correlates of HDL cholesterol tend to be related in the opposite way to TG. The statistical correlation of TG and HDL cholesterol is consistent with their known precursor-product relationship, mediated in part through extrahepatic lipoprotein lipase, the rate-limiting enzyme for catabolism of triglyceriderich lipoproteins. 29 However, in a prospective study of hypertriglyceridemic men, diet-induced decreases in TG were not accompanied by rises in HDL cholesterol. 30 Numerous epidemiologic studies have found a univariate positive association between TG and subsequent CHD morbidity and mortality; however, in most studies this relationship did not persist when other risk factors, especially plasma total and HDL cholesterol, were taken into account.3' Because of these complex interrelationships of HDL cholesterol and TG, any as-PHYSICAL ACTIVITY AND HDLIGordon et al.
sociation with physical activity in one of these measures must be examined in relation to the other.
In the present study, we examined the association of habitual physical activity with HDL cholesterol and TG in 7106 white, 35-59-year-old men with type II hyperlipoproteinemia who were examined at the second screening visit of the LRC Coronary Primary Prevention Trial,32 a collaborative study in progress at 12 clinical centers in the United States and Canada. These screening visits took place between November 1973 and July 1976. Criteria for eligibility included plasma cholesterol ¢ 265 mg/dl, LDL cholesterol ¢ 190 mg/dl, plasma TG -300 mg/dl, absence of chylomicrons and floating f3 lipoprotein in the plasma, and absence of history of myocardial infarction or angina pectoris. Understanding these associations should provide insight into the potential protective effect of exercise in a group of initially healthy middle-aged men whose hypercholesterolemia places them at substantially elevated risk of subsequent CHD morbidity and mortality.
Methods

Data
Total cholesterol, TG and HDL, LDL and very low density lipoprotein (VLDL) cholesterol in plasma samples obtained after a 12-hour fast were measured using the standardized LRC methods including ultracentrifugation. 33 For each subject, physical activity at work, physical activity outside of work, and strenuous exercise or labor were assessed separately ( fig. 1) figure 2 ; the response "unknown" was taken as no response.* Subjects were classified with respect to current cigarette consumption simply as "smokers" or "nonsmokers." The 152 subjects who failed to answer the questions on drinking or smoking or at least one of the questions on physical activity were excluded from analysis.
Statistical Procedures
Associations of plasma lipids and lipoproteins with physical activity were examined in two complemen-*A few subjects gave inconsistent answers to the two questions on drinking. Except when the second response was "unknown" or "'less than once a month," the first response was discounted.
3a. Thinking about the things you do at work, how would you rate yourself as to the amount of physical activity you get compared with others of your age and sex? Woulc you say you are:
CircZe the number to the right which best corresponds to your clinic, age, Quetelet index (body weight/height2), and plasma cholesterol were tested in both the ANOVA and regression models. In the ANOVA approach, each of these covariables was tested individually with each physical activity variable in a series of two-way ANOVA and, in the absence of significant interaction effects, incorporated simultaneously in analyses of covariance, for both HDL cholesterol and TG. In the regression approach, all six covariates and their twoway interactions with physical activity were incorporated simultaneously in linear models for HDL cholesterol and TG and for each of the three physical activity ratings. Five-year age strata and quintiles of Quetelet index and plasma cholesterol were used in all models containing interaction effects. A Bonferroni-adjusted criterion, a = 0.05/36 = 0.0014, was used to assess statistical significance of these interaction effects. Finally, all three physical activity ratings were included simultaneously in three-way ANOVA of HDL cholesterol and TG to sort out their independent contributions to HDL cholesterol and TG. In the absence of significant interaction effects, linear models incorporating the three physical activity ratings (both as categorical and as ordered integral variables) and the six aforementioned covariables were computed. All linear models described above were computed by a standard statistical routine, SAS PROC GLM.34
Results Cross-tabulations of the physical activity scores of LRC subjects by the three rating criteria are given in table 1. Although it is clear that subjects who are physically active in one rating are likely to be active by each of the other two ratings, the rank correlation coefficients (Kendall's tau b)35 are modest in magnitude (0.24 < tb < 0.33). Thus, each of the three physical activity ratings provides distinct information not contained in the other two. Distributions of our study population among categories of age, Quetelet index, plasma cholesterol, cigarette smoking, and habitual alcohol consumption and among clinics are provided in table 2.
The relationships of physical activity to HDL cholesterol and TG, as well as to VLDL, LDL and total cholesterol, are displayed in table 3. Regardless of which criterion one chooses for rating physical activity, mean HDL cholesterol becomes progressively larger and mean TG becomes progressively smaller with increasing physical activity. The relationship of physical activity to HDL cholesterol appears strongest for nonwork activity and weakest for at-work activity. Frequency of strenuous labor or exercise appears to be the best predictor of TG. These associations are highly significant (p < 0.0001) for both methods of analysis.
For each physical activity rating, the R2 for linear regression of HDL cholesterol and TG on physical activity (treated as a quasi-continuous variable) is at least 80% of that obtained by ANOVA. In all but one instance, the remainder term (the portion of the physical activity effect not attributable to a linear trend) was not statistically significant. Thus, despite the arbitrariness of the numerical scales used to describe physical activity, these associations are well described by the linear regression modeling approach. Table 3 also shows the presence of significant inverse associations of physical activity and VLDL cholesterol. However, perhaps surprisingly, these associations are substantially weaker than those of physical activity and TG. The ratio of mean VLDL cholesterol to mean TG tends to increase with increasing physical activity. Very weak and statistically nonsignificant inverse relationships of physical activity with LDL cholesterol were present for all physical activity ratings. Similarly weak inverse trends also appeared for total cholesterol; only its association with frequency of strenuous labor or exercise approached statistical significance.
After ascertaining the absence of significant interaction effects (see Methods), the models for HDL cholesterol and TG were covariance-adjusted for age, Quetelet index, plasma total cholesterol, cigarette smoking, alcohol consumption and clinic. The adjusted and unadjusted means are plotted in figure 3 . Adjustment had little effect on these trends; they were weakened slightly, but remained highly significant (p < 0.0001) in all cases. Similar analyses (not shown) were done for ratios of HDL cholesterol to LDL and total plasma cholesterol. However, since neither LDL cholesterol nor total cholesterol was appreciably associated with reported physical activity in our study population, these results were parallel to those for HDL cholesterol. Table 4 is a summary of the results of adjustment of the models for HDL cholesterol and TG for the same six covariables, when the physical activity ratings are treated as quasi-continuous variables. When the physical activity ratings are included one at a time, all Although the effects of physical activity on HDL cholesterol and TG are of similar strength, their relationships to the covariables differ considerably. Alcohol consumption, cigarette smoking, and clinic are much stronger predictors of HDL cholesterol than physical activity, while Quetelet index, age, and plasma cholesterol have effects of strength comparable to the effect of physical activity. Plasma cholesterol and Quetelet index, however, are most strongly related to TG. The strength of the effect of smoking on TG is similar to that of physical activity, while the effects of *Two-way and three-way interactions of the three physical activity ratings did not contribute significant additional predictive power to ANOVA models for HDL cholesterol and TG and were therefore not included in these models. alcohol and clinic are relatively weak. Age was not associated with TG in our population. The entire set of nine variables accounted for 20% of the total variance in HDL cholesterol and 11% of the total variance in TG.
The covariance-adjusted means for HDL cholesterol and TG for the 12 clinics and for the categories of cigarette smoking and alcohol consumption are plotted in figure 4 . The association of the latter two variables with HDL cholesterol and TG agreed well with prior expectations, but the marked variation of mean HDL cholesterol among clinics was mildly surprising, because it was apparently independent of differences among clinics in physical activity and in the other covariables in the model. This clinic effect far exceeded the observed variation among the 12 LRC laboratories in HDL cholesterol measurements on quality-control specimens and is therefore unlikely to be due to laboratory differences alone. Covariance-adjusted clinic means for TG were positively, but not significantly, correlated (r = 0. 17) with those for HDL cholesterol. It However, in both studies, the differences are highly significant and remained so after adjustment for age, Quetelet index, alcohol, cigarettes and clinic. Thus, in comparing the two studies, we find no evidence that the relationship of physical activity to HDL cholesterol or TG is altered by hypercholesterolemia. This impression is further supported by the absence of significant variation in the relationships of physical activity to HDL cholesterol and TG among quintiles of plasma total cholesterol within the hypercholesterolemic population of LRC Trial screenees.
Although the gross validity of the LRC instruments for assessing habitual physical activity is supported by their moderate correlation with one another and with objective measures like heart rate, acceleration of heart rate during exercise and endurance on treadmill test (unpublished data), they are subjective and imprecise. However, since few of the men screened for the LRC Trial were aware of their HDL cholesterol levels or of any hypothesized relationship between HDL cholesterol and physical activity when they answered these questions, the misclassification of subjects, though probably considerable, is likely to be random with respect to the hypothesis of interest. Because random misclassification tends to weaken estimates of association, the strength and internal consistency of our results and their agreement with the LRC Prevalence Study results'4 are all the more remarkable.
Both the LRC Prevalence Study and the present study are cross-sectional and are therefore subject to the caveat that they do not distinguish cause from effect. Because poor health may be a cause as well as a possible outcome of physical inactivity and because men with low HDL cholesterol levels were perhaps likelier to have CHD when they were examined, one must be cautious about inferring from studies of this type that physical activity is a cause or even an antecedent of high HDL cholesterol or low TG levels. However, the exclusion of men with symptomatic CHD (Rose Questionnaire angina, history of myocardial infarction) at the initial screening visit of the LRC Trial makes it rather unlikely that low HDL cholesterol and high TG preceded physical inactivity in our study population. 1. tNine subjects without low-density and very low density cholesterol measurements are included.
tThe square root of the proportion of variance in the dependent variable explained by a given physical activity measure is first calculated by ANOVA, which ignores their order (unordered), then by linear regression (linear) with levels of each physical activity measure arbitrarily spaced one unit apart (see Methods). The square root of the difference of these two proportions of variance (Remainder) is the R due to any "nonlinear" effect of physical activity on the dependent variable. The sign of the linear R indicates whether the dependent variable increases ( + ) or decreases (-) with increasing physical activity. All p values are two-sided; they are given numerically only when p<0. 10.
Since the dietary habits of physically active people are likely to differ both quantitatively and qualitatively from their more sedentary counterparts, it is possible that diet rather than exercise per se affects HDL cholesterol levels. However, except for alcohol consumption and body mass index (both of which are covariates in our analyses) and perhaps the relative proportion of carbohydrate to fat in the diet (higher ratios are correlated with lower HDL cholesterol levels), the evidence for association of dietary habits and HDL cholesterol levels is not impressive.9 Preliminary analyses of 24-hour 
